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Abstract 
The observation of an object traditionally relies on the scale of optical system and the resolution is often limited by 
the diameter of telescope.  Based on the laser interference technology, we adopt a new signal sampling method with 
which we sample the spectrum information by laser beat frequency. The overlapped beams interfere together and 
generate a series of fringes across the target. Different spectrum components of target are sampled by fringes with   
different spatial frequency. Then we will reconstruct the target image through inverse Fourier Transform. This 
method break through the difficulty that observation resolution was limited by the scale of optical system. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology   
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1. Introduction 
The spectrum distribution of a finite object or image we observe is composed of a series of frequency 
components that are continuous changed from low to high. Our method is to sample those spectrums 
through the laser interference technology. A series of laser beams illuminate the object and the receiver 
get the reflective signal and rebuild the object image. Since the spectrum we sampled is discrete 
distributed while the original spectrum is continuous, reconstruction is necessary.[1] The resolution of the 
image we reconstruct is determined by the number of frequency components we collect.[2][3] In this paper 
we firstly introduce the basic theory of laser interference and its relationship with the signal sampling. 
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Then we discuss how we collect the frequency components and reconstruct them. Finally we introduce the 
simulation we did according to this theory.  
2. Basic Theory 
2.1. Optical interference 
We begin our signal sampling discussion with two coherent laser beams interfering together. Two 
optical wave could be expressed as a sine signal respectively as Eqs.(1)  shows : 
1 1 1cos( )E a kr tω= −
2 2 2cos( )E a kr tω= −                                                                  (1) 
where 1a and 2a is the amplitude of the optical wave, ω  is the laser frequency, 1kr and 2kr is  considered 
to be the initial phase and  k  is a constant relative to laser wavelength λ ( λπ /2=k ).
Two beams coherence means they have same frequency and fixed phase difference. On this condition 
two coherent laser beams illuminate the target and the overlapped beam could be expressed as Eqs.(2)  
1 2
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A kr t
ω ω
ω
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The energy distribution is                                                                                      \ 
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(3)
That means the overlapped speckle will generate a series of fringes across the area and these fringes 
could be the sampling signal to the object we observe. We can adjust fringe spatial frequency by changing 
distance between the two beam transmitters. The spatial frequency is getting lower as two transmitters 
getting closer. Fig.1 shows different fringe spatial frequency with different transmitter distance.  
Fig.1 Fringes with different spatial frequency 
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2.2. Sampling  with Laser Beat Frequency 
The interference discussed above is based on the same laser frequency. In this way the fringe on the 
target is static and cannot collect enough spectrums.[4] The method we adapt is to induce a frequency shift 
based on the original frequencyω . Suppose the two frequencies are 1ω , 2ω . Two beam interference 
could be expressed as Eqs.(4): 
1 2E E+
1 1 1 1 2 2 2 2cos( ) sin( ) cos( ) sin( )i t i i i t i i t i i i t iω ϕ ω ϕ ω ϕ ω ϕ= − + + − + + − + + − +                  (4)
21 1 2 21 2 1 1 2 1 2( ) ( )[exp( ) exp( )] exp( )
2 2 2
i t i i i t i i i t iω ϕ ϕ ω ϕ ϕ ω ω ϕ ϕΔ + − − Δ + − − + + += + ∗
Then the overlapped beam energy distribution on the target is  
1 2 1 2 1 2( ) ( ) ( )I t E E E E E E
∗= + = + ⋅ +                                                                                     (5) 
2
21 21 21 21[2 exp( ) exp( (2 2 )) exp( ) exp( (2 2 ))]x y x ya j t j f f j t j f fω π π ϕ ω π π ϕ= + Δ ⋅ + + Δ + − Δ ⋅ − + + Δ
Here 21ωΔ is the frequency shift, 21ϕΔ  is phase difference, d  is distance of two laser transmitters and 
xf , yf is the spatial frequency of fringe in x-direction and y-direction. We see ( )I t  is a function of time. 
Therefore the fringes are moving across the target and the spectrum component of this fringe is the 
Fourier Transform: 
21 21
21 21( ) ( ) 2 ( ) ( )
ft
i iI t I e eϕ ϕω σ ω ω σ ω ω− Δ Δ⇒ = + + Δ + −Δ                                           (6) 
From the frequency domain and Eq.6 we know the spectrum information of the interference beam ( )I ω
is considered to be the sampling signal. Eqs.5 shows different spatial frequency sample the different 
spectrum components of the target (Fig.2). In next section we will demonstrate the reconstruction and 
introduce how to generate different fringe spatial frequency. 
                      
Fig.2 Target sampled by fringes of different spatial frequencies
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3. Reconstruction and Simulation 
3.1. Reconstruction Theory 
In reconstruction we need different spectrum components that sampled by the fringes of different 
spatial frequency across the target. From the discussion above we know we can adjust the position of 
transmitter in both x and y direction.  Then we get different spatial frequencies to sample the target.[5]
In Eqs.7 xΔ and yΔ is the distance of two beam in x and y direction respectively. When beams 
illuminate target, the energy we receive is expressed as Eqs.8: 
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This is a function including target information ( , )x yO f f . If we control the sample period T to meet the 
Eq.8,
( 1) 2N T mω πΔ + =                                                                      (9) 
we will get  
212 ( , )j x yS A e O f f
ϕ− Δ=                                                                (10)
This is the spectrum of the target object and we will get the spatial frequency by inverse Fourier 
transform. 
3.2. Sampling control 
In the laboratory we use 3 beams to illuminate the target. Each beam has a little frequency shift from 
the other. Three beam transmitters are arranged into a T shape array as Fig.3 shows.[6] xΔ  is the distance 
of each adjacent transmitter in x direction and yΔ is the distance in y direction and x yΔ = Δ . Since we 
know the fringe is the two-dimension sampling signal, it must meet the sampling theory. Suppose the 
target size is D, we have:  
R
x
D
λΔ ≤      Ry
D
λΔ ≤                                                                                       (11) 
,where R is the distance between target and transmitters. 
Eqs.11 means the distance of each transmitter must meet certain relationship with the target size. 
Otherwise the spectrum we sampled will be confused.   In the T shape we locate lowest frequency in the 
center of the array as the reference beam, the beam of middle frequency is located in one xΔ distance 
beside the reference beam in y axis, and the beam of highest frequency is located in each transmitter in x 
axis consequentially as the scan beam. When the scan beam arrives at a certain transmitter we call the 
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three beams a triplet. Each triplet generates a spectrum component.  Resolution of the target image is 
determined by how many triplets we produce or how many transmitter aperture of the T shape array we 
have. 
Fig.3 Three beams on T shape array 
3.3. Simulation and Result 
We have made a laboratory setup and some computer simulations to reveal the process of sampling 
and reconstruction.  In this lab setup, PMT is considered as the receiver of the transmission signal with 
the target information and CCD is supposed to calibrate the position of three beams. Fig.3 shows the 
monitor screen of CCD by which we can locate each beam. On the CCD screen there is one crossed grid 
in red. It symbolizes the T shape array. 
We carried out some computer simulations (Fig.4) to verify the relationship between resolution and 
number of transmitters in T shape array 
Fig.4 reconstruction image with  (a) original picture; (b) 2transmitters; (c) 10 transmitters; (d) 24transmitters 
4. Conclusion 
The laser beat frequency method we adopt is the combination of optics technology and signal sampling 
theory. The resolution depends on the way we sample the spectrum and the frequency components we get. 
The result demonstrates the reconstruction of the target is feasible if the distance of each transmitter and 
the number of it is controlled properly. 
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